ABSTRACT
INTRODUCTION
The physical demands on a professional football player are high. The mean total distance covered during a football match is reported to be between 10 000 -11 000 meters, with some players covering up to 14 000 meters, and almost one fourth of this distance is covered in high intensity running. [1] [2] [3] Studies have shown that it takes several days to fully recover following a football match.
Remaining fatigue up until 72 hours after a football match has been shown in terms of decreased physical performance as well as through increased levels of blood markers indicating muscle damage and oxidative stress. 4, 5 In addition, mental preparation and travels before a match may further contribute to fatigue. 6 Playing professional football matches, especially when playing away, is associated with long travels and unfamiliar sleeping environments which may have a negative impact on the quality of the sleep for the players.
7,8
When the subjective performance of players participating in the 2002 World Cup was evaluated it was shown that players who underperformed during the World Cup had played more matches in the last ten weeks compared with those who performed above expectations. 6 Another study showed that teams that participated in the Union of European Football Associations (UEFA)
Champions League (UCL) were over three times more likely to lose a league match if they had played in the UCL three days earlier compared with their overall likelihood of losing in the league. 9 Other studies showed no association between recovery time between matches and physical performance. In one of these studies, matches with four or less days recovery and matches with six or more days recovery were compared, 10 while the other studies included a number of matches (six to eight) played during a congested period showing no influence of high match load on physical performance. 11, 12 Associations between recovery time between matches and injury rates (IRs) have also been investigated. When matches with four or less days recovery were compared with matches with six or more days recovery, the IR in matches with short recovery was more than five-fold higher. 10 In addition a congested calendar (six consecutive matches separated by three days) has been shown to increase match IR in a study, 12 while in another study a longer period of excessive match load (eight matches played during 26 days) was found not to increase IRs compared with the periods immediately before or after.
11
Thus, findings on the associations between recovery time between matches, IRs and team performance are contradictory, and many studies are limited by small samples. The aims of the study were therefore to study, in a large sample of professional football teams, a) if there were any associations between recovery time between two matches and the IR and performance in the later match, and b)
to investigate if there were any associations between match load and IR or team performance during extended periods of the season.
Our hypotheses were that short recovery time between football matches, and high match load during extended periods of the season, would be associated with decreased team performance and increased IRs.
MATERIAL AND METHODS

Study population
All first team players in 27 European professional football teams from ten countries were invited to participate in a prospective cohort study, the UCL injury study. 13 Teams that had competed at the highest level of European professional football were considered for the study and all included teams were invited by the UEFA. The present study was based on retrospective analyses of data from a prospective cohort study gathered between 2001 and 2012. The study included data from 8150 matches (league matches n=5622, UCL matches n=1114, UEFA Europa League matches n=424, other cup matches n=990; home matches n=4025, away matches n=4059, matches played on a neutral venue n=66). Since the study was based on retrospective analyses there was no sample size calculation performed. Participating teams were followed over a varying number of seasons (one to eleven).
Exposure and injury registration
The methodology and the study design followed the consensus statement for epidemiological studies in football 14 and have been described in detail previously. 15 A contact person from each club was responsible for collecting information about team exposures and injuries that occurred during team activities. All matches and team training sessions were noted on a standard attendance record. All injuries were registered on a standard injury card with information about the injury diagnosis and the activity when the injury occurred.
A recordable injury was defined as any physical complaint sustained by a player that resulted from a football match or football training and led to the player being unable to take a full part in future football training or match play (i.e. time loss injury). A muscle injury was defined as a traumatic distraction or overuse injury to a muscle, 16 and a ligament injury was defined as an acute distraction injury of ligaments or joint capsules. 15 A player was considered to be injured until the medical team allowed full participation in all team activities, and injury severity was determined by the number of days of absence caused by the injury.
Categorization of recovery time, performance and match characteristics
Competitive first team matches were grouped according to the number of days recovery from the adjacent preceding match. Two different cut-offs were used based on previous research. First, matches with three or less days recovery were compared with matches with four or more days recovery, as used previously by Verheijen. 9 Second, matches with four or less days recovery and those with six or more days recovery were compared, as in the study by Dupont et al. 10 The result in each match (won, drawn or lost, extracted after 90 minutes of play, irrespective of possible extra time) was used to compare team performance in matches depending on the time of recovery before each match. Matches were also categorized according to where they were played (home matches or away matches) and type of competition (league, UCL, UEFA Europa League (EL) and type of competition (percentage of league matches) during that match sequence (independent variables). To study a possible effect of match load on IRs and team performance in a subsequent period, analyses were carried out to study the association between the match load in a match sequence (independent variable) and IRs and team performance in the subsequent match sequence (dependent variables). Similar linear regressions were carried out, and were adjusted for match location, type of competition during the first match sequence and the match load in the subsequent match sequence (independent variables).
All tests were two-sided and the significance level was set at p<0.05.
RESULTS
In total, 1 057 201 hours of exposure (888 249 training, 168 952 match play), and 8029 injuries (3483 training, 4546 matches) were registered.
Recovery time and team performance
There were no differences in the distribution of matches won, lost or drawn between matches played with a preceding short recovery and matches with long recovery in any competition, regardless of which cut-off was used to categorize matches (≤3 vs. >3 days (table 1) or ≤4 vs. ≥6 days (table 2)), except for EL matches that indicated more matches lost with three or less days recovery compared with four or more days recovery (p=0.048, Cramer's V=0.120).
Insert tables 1 and 2 near here
Recovery time and injury rates
There were no differences in overall, muscle or ligament IRs between matches played with three or less days recovery compared with matches with four or more days recovery, in any competition (table 3) .
When matches with four or less days recovery were compared with matches with six or more days recovery, a significant increase in total IR and muscle IR was seen in league matches with short recovery compared with those with long recovery. In addition, the ligament IR was increased in other cup matches with short recovery compared with those with long recovery (table 4) . No differences in IRs were seen in UCL or EL matches depending on recovery days before matches. Detailed analyses of muscle injury types showed that hamstring and quadriceps injury rates were higher in league matches with four or less days of recovery compared with matches with six or more days recovery, while no differences were seen in calf and adductor injury rates (table 5) .
Insert tables 3, 4 and 5 near here
Monthly match load, performance and injury rates
On average, each match sequence comprised 27 ± 9 days (range 7-104), or a mean of 6.0 ± 1.6 matches played over a standardized 30-day period (range 1.4-12.9).
There were no associations between a team's match load during a match sequence and team performance in the same match sequence, or team performance in the subsequent match sequence ( Another plausible reason why no associations between recovery time between matches or match load and team performance were observed is that the teams had large squads and were therefore able to rotate individual players in their starting line up to matches, thus avoiding player fatigue. 13 The same cut-offs for recovery between matches as presented in previous research was used in the present study to be able to compare results between studies. The study findings are not in line with those reported by Verheijen,
showing that fewer matches are won with short (three or less days) compared with long (four or more days) recovery. 9 However, that study analyzed matches when teams with short recovery before a match played against a team with long recovery and this difference in design may partly explain the discrepancy in results. On the other hand, in line with the results of the present study, Dupont et al. showed no decrease in performance in terms of total distance covered, highintensity distance covered, sprint distance covered, and number of sprints in matches with short (four or less days) compared with long (six or more days) recovery.
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Muscle injury rates are increased with short recovery between matches and with high match load
No differences in overall, muscle or ligament IRs between matches with three or less days recovery and matches with four or more days recovery were found.
However, an increase in overall IR and muscle IR was shown in league matches with four or less days recovery compared with league matches with six or more days recovery, as well as an increase in ligament IRs in other cup matches.
When muscle injury rates were analyzed in detail for league matches it was shown that hamstring and quadriceps injury rates were increased in matches with short recovery.
These results are in line with a previous study showing an increased IR in matches with short (four or less days) compared with long (six or more days) recovery. 10 One possible explanation for these increased IRs is that players are fatigued when playing two matches with too short recovery in between. Even though this suggested fatigue was not enough to affect team performance it is still possible that the physical and mental load on individual players was increased and therefore exposed those players to an increased injury risk.
Muscle IRs in the present study were also increased in periods of excessive match load, which could also be the result of player fatigue. Muscle injuries are often considered to be partly explained by fatigue 21 and several studies have analyzed this hypothesis showing increased muscle IRs in the late stages of football matches. 16 Changes in muscle biomechanics, with changes in electromyography parameters and in angels of peak torque, 22, 23 have also been shown for athletes who are fatigued. Fatigued muscles have also been shown to be able to absorb less energy before an injury occurs. 24 In addition, lower extremity biomechanics, in terms of landing posture, has also been shown to be altered by fatigue. 25 It is possible that such structural and biomechanical changes could make football players more prone to muscle injury.
When looking at a longer period with excessive match load a previous study showed no increase in total injury rate during a period of fixture congestion, 11 which is in line with the present study. However, while the match muscle IR was increased in match sequences with increased match load in the present study, no such analyses were made in the aforementioned study. In contrast with the results of the present study a previous study showed increased overall IRs in matches during a congested match calendar. 12 While all first team players were included in the present study only those players who played for at least 75 minutes in all matches during the congested period were included in the previous study and this difference in design may partly explain the difference in results.
Methodological considerations
The strengths of the present study include the study design that were in agreement with the consensus statement for epidemiological studies in football 14 and that a large homogenous group was followed for a long time period. Still, the study was limited by small samples in some of the analyzed groups. For instance, team performance in EL matches were influenced by the recovery time between matches, but since only few teams participated in the EL, the generalizability of this finding is limited. Another shortcoming is that analyses were carried out at team level and did not consider how long a player was active during a match. For example, in previous research players were required to play at least 75 minutes in a match if that match should be considered when the time of recovery before a second match and match load was established. 10,12 Finally, the analyses did not account for individual player rotation between matches, and the influence of such team rotation strategies on associations between recovery time, match load, team performance and injury rates is therefore unknown.
WHAT ARE THE NEW FINDINGS?
• Total injury rates and muscle injury rates were increased in matches with short recovery compared with matches with long recovery before the match.
• High match load was associated with increased muscle injury rate in matches in the same period, and with increased ligament injury rate in training in the subsequent period.
• Match congestion had no, or very limited, influence on team performance.
HOW MIGHT IT IMPACT ON CLINICAL PRACTICE?
• The findings stress the importance for professional football teams to monitor match load during the season, and to implement strategies such as player rotation between matches, and various recovery modalities, to avoid injuries resulting from match congestion.
• Match schedules should be planned to ensure sufficient recovery time between matches. Table 3 Comparison of injury rates in matches with short (three or less days) or long (four or more days) recovery before the match Table 4 Comparison of injury rates in matches with short (four or less days) or long (six or more days) recovery before the match Table 5 Comparison of muscle injury rates in league matches with short (four or less days) or long (six or more days) recovery before the match Table 6 Associations between match load in a match sequence and team performance and injury rates during the same match sequence and the subsequent match sequence CI, confidence interval *A positive beta value indicates an association between increased match load (number of matches per month) and increased team performance (% of matches won) or increased injury rate (number of injuries/1000 hours of exposure) during the same, or the subsequent, match sequence from linear regression analysis. †Analyses were adjusted for the distribution of matches depending on match location (percentage of matches played at the home venue) and type of competition (percentage of league matches) during the same match sequence. ‡ Analyses were adjusted for the distribution of matches depending on match location (percentage of matches played at the home venue), type of competition (percentage of league matches) and match load in the subsequent (second) match sequence.
